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PACS numbers: 68.50., 81.20.0 As a thin film grows it goes through a sequence of stages with distinguishable physical characteristics. During the initial deposition nucleation takes place at many sites on the substrate. Upon further deposition these nuclei grow mainly by absorption of single atoms which arrive either by impingement or via surface diffusion. By still further deposition, or by aging the nuclei structure, this stage may go over into another dominated by islands taking part in collisions accompanied by liquidlike coalescence. In this paper we discuss coalescence in terms of a new and simple statistical model, whose main outcome is the prediction of a log-normal size distribution of the coalescing islands; experimentally, this result appears to be well supported for films with high substrate coverages.
We consider the growth of the islands to proceed as a series of discrete events, being binary colliSions, such that one can study the process after any finite number of steps j = 1,2, .... The basic assumption is that the change of volume at each step is a random fraction of the volume after coalescence, i. e. ,
where {E j } is a set of mutually independent random variates, which are also independent of {VJ Hence, after j collisions we get 1 1
where Vo denotes the initial volume. By taking the logarithm of Eq. (2) it is seen that In{V/V o ) is a sum of positive independent random variates each with the same probability distribution, and it follows from the central limit theorem l of mathematical statistics that this quantity is, asymptotically, a GaUSSian, i. e., the island volumes inhabit a log-normal distribution function in the limit of many coalescence events. Interestingly enough, this particular function has been used earlier by Vincent 2 to acccount for coalescence phenomena in discontinuous films. However, he introduced it as a "reasonable choice" without giving much further justification.
In the electron microscope only the diameter distribution (or the fractional area distribution) for the islands on a substrate can be determined with sufficient accuracy. Thus, before the log-normal volume distribution can be confronted with experiments some (modest) assumptions about the three-dimensional shape of the islands have to be made. It is easily verified that for islands whose volumes can be written 3 in the form (3) where ~ and p are constants given by the geometry and x is the diameter, the normalized diameter distribution function, fLN(x), is expressed by (4) where x is the median diameter and Ina is the standard deviation for the logarithms of the diameters, The number of islands tl.n in the diameter interval tl.(lnx) is then
These predictions will now be compared with experimental results. A particularly clear-cut example of coalescence growth is provided by Skofronick and Phillips4 who performed careful studies of gold films on amorphous backings of carbon or of silicon monoxide, They concluded 5 that island growth occurred via binary collisions followed by coalescence of the colliding islands into larger ones, One of their diameter histograms is reproduced in Fig. 1 . It is seen to consist of a large number of small islands and of a skew bell-shaped curve peaked at about 14 nm; the latter is due to coalescence of the tiny nuclei. Also included in Fig. 1 is a graph (4) and (5)], where x and a have been used as fitting parameters. A very satisfactory agreement between theory and experiments is evidenL Good correspondence is found also for the other size histograms of Ref, 4 as well as for the data of Refs. 7-10 where, from the experimental conditions, we believe that the growth is dominated by liquidlike coalescence. Generally, the agrement between theory and experiments is found to be best for the larger diameters which is understandable as accurate lognormality is predicted only after many coalescence events.
In Fig, 1 we found that a= 1. 30 yielded a good fit. This is a typical value for islands in discontinuous films as demonstrated by Fig. 2 , where we have extracted x and a from size distributions given in a number of papers. 4,7-10 With few exceptions we find that the geometric standard deviations fall in a band defined by
a=1.28±0,06,
It is interesting to compare this empirical result with a's for ultrafine inert gas evaporated particles, which nucleate and grow in a noble gas atmosphere; extensive experiments l l have shown that 1. 36 "" a"" 1. 60 is valid for these particles, i. e., their size distributions are Significantly wider than for islands in discontinuous films.
